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INTRODUCTION 


This Workbook is designed for use with the text, MODERN RESIDEN- 
TIAL WIRING. As you complete the questions and problems in this 
Workbook, you can refer to the facts and concepts presented in the text. 

The chapters in this Workbook correspond to the chapters in the text. 
After reading a chapter in the text, do your best to complete the Workbook 
questions and problems carefully and accurately. 

Each chapter of the Workbook includes objectives and instructions. 
Several types of questions and problems are given in each chapter. The 
various types of questions include identification, true or false, multiple 
choice, fill-in-the-blank, and written answer. 

Reading MODERN RESIDENTIAL WIRING and using this Workbook will 
provide you with a solid background of electrical wiring principles and 
common practices as well as a basic understanding of National Electrical 
Code requirements. Once having mastered this information, you will be 
prepared to further increase your knowledge of wiring methods through 
additional readings and practical experiences. 


N. Henke-Konopasek 


H. N. Holzman 
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Сһаріег 1 


Ф ELECTRICAL ENERGY FUNDAMENTALS 


Name Cx pb D LA RY Score Ж?О 2 
Date 22-92. Period 


Instructor 


OBJECTIVE: You will be able to explain what electricity is, how it is produced, transmitted, and 
measured. 
DIRECTIONS: Carefully read Chapter 1 of the text. Then complete the following questions and problems. 


NG \C iT Y is a form of energy that will operate appliances or produce light and heat. 


2. According to the LECT Ror theory, all matter is made up of atoms. 


3. The figure below shows а typical ATOM which is made up of a nucleus of protons 
and neutrons and orbiting electrons. 


4. indicate the charge of each of the following particles by matching them correctly. 


E protons a. Non-charged 
А Neutrons b. Positively charged 
Ca Electrons c. Negatively charged 


5. Which of the following is an example of a good conductor of electrons? 
a. Glass. /~/Su! етой, 
є (6: Pure metal. 
c. Огу gasses. /NSUL {хт 
d. All of the above. 
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6. Which of the following is an example of a good insulator? 
a. Water. Cv pvc PIE. 
b. Carbon. әз cro f? 


Сс) Rubber. 


d. All of the above. 


7. Electrons will flow from a negatively charged body to a positively charged one. This flow is called 


CORRENT . 
8. In electricity, differences in potential are measured in MTS —. 
9. List the two types of electric current. 


>20  CoRREAT m e жы S с: 
A Aia LARRET BO ——— ———À—À—— —— 


10min Чурт — current, the electricity flows in one direction only. 


11. Because LT Ele prud current reverses its direction, usually 60 times each second, it is called 
60-cycle electricity. 


12. А (УС) — is one complete electrical wave or vibration. 


13. Energy may be produced chemically, as with a Benutüy  —, or produced mechanically, as * 


with a Сто. 


14. A basic chemical device for providing electrical power is the: 
a. Cathode. Voc ^c CELL 
b RC Md 


v Aran 
6) (8) None of the above. 
15. In a battery, the pole that is positively charged is the ODE 


16. In a battery, the pole that is negatively charged is the CA/HODE . 


17. Explain how a generator operates. 


ASSEN By E MA € i Ш) с AL Ёо 42 22/5 D EY EC 


< Cet EA 
ч >f С Ж E ёш { e F EA? же (A ТАЛАДА ,2 
y p у $ y^ Р PN ‚АР 
И? Т/Ж { ELECTRawS from ow Ze AR у- 562857 2-7 
-— à қ "9? РСА к" 4 am y. m 4 А и” 
72% М „м ZA < A APE i 26, et 21. ^i 7 - / ) ‘ /2 о/з 7, Ж ж £N 


THROUGH 4 4T Eo MOM OETIC JND CPO, 


18. In electrical wiring, the pathway is called a (1160/7 e 
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19. Which of the following is necessary for a simple electrical circuit? 
а. А power source. 
ЕС b.' Conductors. 
C. A load or loads. 


A device or devices for controlling current. 


ER hie above: 


20. List the three types of electrical circuits. 


S 
ELS 


Ё 


A EY Senes __ circuit is one in which only one path is provided for the current. 


ВОКА Parangi circuit has more than one path for the current. 


23. Label the types of circuits represented by the diagrams below. 


TO 
POWER 


BACK TO FROM 
SUPPLY SUPPLY 


A. Qe ALY OL B. 


24. Series circuitry is practical for residential wiring. (true or false) FALSE 


25. With a parallel circuit, if one load, such as a lamp, burns out, the other branches would continue 


to operate since a path still exists from one supply terminal through the circuit to the other supply 


terminal. (true or false) TR VE 


26. Switches and fuses or circuit breakers are examples of residential wiring done in parallel. (true 


or false) FALSE, 


" / а . . 
27. іп electrical wiring, а AJA D is any device that uses an electric current and converts 


the energy to another form. 
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28. List four examples of types of devices designed to operate at definite voltages. 


_ КМУ  --------- 
_Hearwe EgmeoTS 1 0 10 € 


ото145 
CU eee 


29. Explain how electromagnetic induction is accomplished. 


«s IR VGlt G;2ET? C 
м e 112 12. 
ab) LECTÍCOM"S 1 PLEA 


30. List the four factors that determine the voltage obtained from a gənerator: 


“ПЕП-ә46н THe Еи у 


21. __ Моб is atits greatest when the coil is moving at right angles to the magnetic field e 
lines of force. 


32. The ac generator is usually called an alternator. ((true)or false) 


33. Explain the left hand rule for generators, also known as Fleming's Rule. 
2 FoREF CER Ў mr DE A, 


э Г Fe » At BL: А у Ё AE _ E p С vv efl 
УЛ, рлі THE Рм le Par a TUE MASE: агь д) 
THE отр СГА pati ГА л” му TE О Сол) OF THE wii bes 
ЕГ Le ж Kot 


34. The parts of the alternating current generator are listed below. Match them with their descriptions 


on the right. 


Coil or armature a. These metal parts are always in contact with one of the 
terminals of the coil or armature. They transfer the current 


D ' 
-— Моптоміпа poles or to the brushes. 


opposite ends of field 


magnets b. This part rotates. It has the conducting wire which cuts 
dm across a magnetic field. The electron flow begins in this 
Slip rings 
part е 
аз с> n с. Two of these transfer current from the slip rings to the 


external circuit. One is in contact with each slip ring. 


d. These create the magnetic field. 
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35. Label the basic parts of the alternator shown below. 


[ COSE B 


FIELD 
MAGNET 


A. SHAFT 

К в (SoTAO _ 

А с Чт 7212. 
EN А 
Е 


FIELD 
MAGNET 
D 
36. In the United States, alternating current is йе Ou hertz (Hz). 
а. 2. 
oa E0 
C3160) 
d. 120. 


e The dc generator is similar in construction to the alternator except that the two slip rings are 


replaced by one slip ring or CoplavTAraie 


38. Label the basic parts of the dc generator shown below. 


FIELD 
MAGNET 


| A (2 rv} ^ 7 2/ ж f- 
C ovy ITAT P c 


6 2 Ui НЕ A 


A 
B. 
С е TT 
D 
Е 
F 


FIELD 
MAGNET 
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c 
39. An ac generator may produce either single phase or three phase electric power. (truer false) 


40. Household power is produced as (гай or three) phase current. 


EET 
41. In industry, where heavy use is made of electricity, — 1&— . | . . (single or three) phase 


current is used. 


42. Tbree phase motors are simpler, less expensive, and more powerful than single phase motors. 


ре 


br false) 


43. Before electric power is brought into households, it is reduced to: 
(35 120 and 240 volts. 
b. 132,000 volts. 
c. 300 and 600 volts. 
d. 750,000 volts. 


44. A < Fo £^ uses electric induction principles to increase or decrease voltage between 
an electrical power source and its load. 


45. Voltage into and out of a transformer is related to the number of uw of wire in 


the coils. 


46. Ina step-up transformer, the number of turns is greater in the secondary coil than in the primary 
coil, therefore output voltage will be. 1 1 the input voltage. ^ 
a. Less than. 
(cD Greater than. 
c. The same as. 


d. None of the above. 


47. In a step-down transformer, the secondary coil has fewer turns than the primary coil, therefore 
input voltage willbe — | |. | . — the output voltage. 
a. Less than. 
Greater than. 
c. The same as. 


d. None of the above. 


48. Explain the difference between a generator and an electric motor. 


е” ! @ Ag” 9 ІС атуу € 2 / ғ d » 4 5^ P E " " 
Е. в Т "a '& С\Т а (ДИЙ 9^ C d 4 а р х 
it Ari n , / Af Ez 4 4 à А 4 
177 ла 44/227] А HMB, слан En TW X oan 
27 
h 7 " Г y 
JEMEN d 2 pn а. Para £ a EN. "d £ " =, » 
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49. Label the parts of the dc motor shown below. 


* | / ов 


FIELD 
MAGNET 


50. Which of the following terms or units are used to measure electricity? 
a. Amperage. 
b. Voltage. 
c. Resistance. 
d. Wattage. 


5 All of the above. 
ө C 


51. The rate at which electricity flows is called the 


Mvec RES or VAN қ ч А 


52. Electrical pressure or force by which electrons are moved through а conductor is termed 


T 
" “Ж ы 5 В y 
V ica. . These units of measuring electrical pressure are called |/ V^: «3 — . 
rite & 


53. The opposition to the flow of electrons through a conductor is called Kes 5 THAIS апа is 
similar to friction. This is measured in units of | l4 M.S 1 


Ё, These units are called 


54. The amount of power derived from an electrical device or system is called 4/7" "7" bi 


IZ mime db 
L4 [3 ( 4. ч 4a 3 


, | А j TX AY 147.205 
This is measured in units called “2/7 мы; жобаны FOU _ оү 


55. Which of the following is correct? 
a. VOLTS - WATTS x АМР5 
b. AMPS - VOLTS x WATTS 
^6. NATTS = VOLTS x AMPS 


—d. None of the above. 


ө 56. One-hersepower Dr-550-foot-pounds/sec. is equivalent-te H4 4— . watts. 
<--- 
57. The /V 9» AL EEEE TUG fis 2120 establishes a set of rules, regulations, 


and criteria for the installation of electrical equipment. 
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58. Although the NEC, itself, has no legal basis, it is often made mandatory under local or state rul- 


ings. In such cases, if becomes a legal document true Pr false) 


59. Identify and briefly describe the following. 


A. 
C. £72 4. ENS Of, Tarte Ku 
о» ft %о vx) 
60. The abbreviation OSHA stands for (Zc Pp » ñ- €f апа /*4,"4 
AA 4 


61. OSHA safety regulations are often more detailed than those of the NEC and, in some instances, 


supercede the Code rulings / (true or false) 


62. All persons involved in the electrical trade should become familiar with OSHA electrical stan- 


dards. List the eight areas to which these standards apply. 


LA RING METHODS, Cenapouzu/I€ 3 des: 
<PE E > А _ 
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Мате Score 


Chapter 2 
ELECTRICAL CIRCUIT THEORY 


Date . — .— A  Penod . | | — Instructor 


OBJECTIVE: You will be able to apply and use electrical circuit theory. 


DIRECTIONS: Carefully read Chapter 2 of the text. Then complete the following questions and problems. 


ilg 


Explain what is meant Бу Ohm's law. 
a тат 4 ‘Reece һ% Very d 
X. } Е “/ 1 4 | | zd t “3 3 Woe tos "o EJ A 4 Pl pag y^ 


Mathematically, Ohm's law takes on which form? 


ET СЕ 
а. Е=д (81-4 


m| 
m 


Name two metals widely used in electrical wiring. 
77 L мс > c 1 Ж Қ ) 


= 7 SS ы. 


/ ) 


Explain why substances such as cotton, rubber, and plastic аге extremely poor conductors of 


electricity. | 
THEY MAARE Cay (о Р 7% 5 
7 іл, I A мел қ p TT У » FA А ; ay 


Explain why rubber and plastic are often used as coverings for electrical wiring. 


% 


pq КР. 


| € / 14 E 


ii r he NR - 
The longer the electrical conductor, the ( (greater, less) its resistance to current 
will be. — 
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жез ыы 


7. Generally, the thicker the wire, the LL — less, more) the resistance will be. 


8. A tain Ж fit ^ 16 the cross-sectional area of a wire 1 mil or .OO1 in. in 6 
diameter. 


9. Compute the area of a .400 in. wire in circular mils. (Show your work in the space provided.) 
э уне 409 
l uoc 


—” 


бео" 


10. As the temperature of metals rises, the resistance to current: 


(8) Increases. 


b. Decreases. 
c. Stays the same. 


11. List five rules that apply to series circuits. 


ьи qum Ам. "^ "^ priti CEY LS Tt te 5b А ©? É NAYE % ж 
- THE voKTAGE AT pig Soul IS "rv THE Sow 7“ e 


^ A BREAK бум IN THE 
oo 7 M g 25 L "T 


12. Use this series circuit to answer the questions below. (Show your work in the spaces provided.) 


a. What is the total resistance in this series circuit? 


£T 
26 ohms 
as 
A —. What is the amperage at the source, 15, 
———— 
in this series circuit? э = 15 OHMS (0) У, = 20 VOLTS 


2 /. В, - 10 OHMS (0) 
amps 


= 25 OHMS (0) 


; с. What are the voltages of resistors V. and V; 


in this series circuit? 


ves “2 12 
^ V3 = ^ 4 ! ha V 
% 


Copyright Geodheart-Willcox Co.. Inc 


14 


Electrical Circuit Theory 


13. In electricity, the term "^parallel'" means: 
a. Physically parallel. 


© b. Geometrically parallel. 
Alternate routes. 


d. None of the above. 
a 


+ ei (= . в . n 4 . 
14. In the PAK AEM & circuit below, the arrows indicate the AERA CS, tow. In residen- 
tial wiring, these routes are called eA WCHE S 


E" ss г дў t YWL Seen Ar Fert УЙде... 
= Ct am E Pim А Е жағ E 1 / Оо /” ғ. А ^ ET д. өз hn am Р" " 
p. i A 5 >. 2 
POLS mor /о | 


16. Whatis the total amperage of a parallel circuit having a total resistance of 15 ohms and a source 


voltage of 30 volts? (Show your work below.) 


-— C s 


17. Whenresistances are arranged both in series and in parallel, the circuit is called a Fc 


| AES To find the total resistance in a network circuit, reduce the parallel resistance into an 


| £ Man 7" ы and add this resistance to the 


resistances arranged in series. 
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19. Considered as a whole, electrical circuits are mostly of the type. 


oe 
D. Series. ғ e 


c. Parallel. 


d. None of the above. 


А А : ^ 42 
20. The drawing below is а way to remember the mathematical relationships of t= __ 


21. Use the drawing in #20 to choose the correct statement(s) below. 
(a) To find E, multiply | апа R. p2 NE 
b. To find E, divide | by R. 
с. To find R, multiply E and І. 
(8) To find R, divide E by I. р 2 wu “ 
e. To find 1, multiply E апа R. 5 
4) To find I, divide E by В. 


22. Electrical energy can be measured in units called => 4 


23. In electricity, power is measured in ^ - #53 or VAT dues 
24. A kilowatt-hour is equivalent tto 1 | being used for a 1 hour period. 
a. 100 W. 
(b.)1000 W. 


c. 1,000,000 W. 


d. None of the above. 


25. Which of the following would consume the least amount of electrical power? 
An air conditioner. 
An electric range. 


. A water heater. 


a Oo oco o 


: А television. 


e 
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ELECTRICAL CIRCUIT COMPONENTS 


Name Score = / G 


Date c S Period | Instructor 


OBJECTIVE: You will be able to describe the characteristics of various circuit components. 


DIRECTIONS: Carefully read Chapter 3 of the text. Then complete the following questions and problems. 


: ї = ү} 
1. For all practical purposes, only COP Pict and 


and commercial wiring. 


ЛИГ) “44 are used in residential 


2. Which of the following is the most common of conductor materials for electrical wiring because 
of its low cost and desirable characteristics such as strength and resistance to oxidation? 
a. Aluminum. 
i. 
( b. /Соррег. 
c. Rubber. 
d. Plastic. 


3. Which of the following conductor materials is subject to problems as a result of oxidation and 
expansion? 
a. Tin. 
b. Rubber. 
c.) Aluminum. 


=" 
d. Copper. 


4. List three factors that determine the size and type of wires to be used for electrical wiring. 


-_ (сім е: А.) 21 [zi - uu Pai ЕЕЕ а * Y 4: / мА97- аб 
— as Р A d | к 4 
с” Және (ҚҰТ ToU 2-- Жет... 3 
1 / F ( / A 9A) 


Е 
M b 
9 
Ў 
| 
\ 
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n 4” 


The standard for wire sizes is called the [#1 242: 7/5 /— к. 46-5 5 


What is the equation used to compute voltage drop? 


VD EE IK x4 


(larger, smaller) the wire number, the smaller its diameter is. 


” 
= ж. 


What would be the voltage drop of 50 ft. of AWG 12 copper wire carrying 15 A? (Show your 


work below. 
i ELT 
voltage drop чета 


- 


The, most common coverings for wire used in electrical wiring are 
PL 


Complete the chart below by filling in the type of covering indicated by the letter designations. 6 


INSULATED WIRE COVERINGS 


Covering Types 
RH, RHH, RHW 
RUH, RUW 
T, TW, THW 
TBS, THHN 


AVA, AVL, AVB 


ў 
E 13. What wire type would you use for dry/wet conditions at a maximum temperature of 167 °F 


(75°C)? (You may wish to refer to the chart in Fig. 3-8 of the text.) 


14. Label the various types of information marked on a cable covering. 


1 ЖОР | fe or (x 
4/36 ТҮРЕ ММ (UL & 


l 


оо > 
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20. 


21. 


22. 


29; 


Electrical Circuit Components 


Label the following wires as neutral or grounded, grounding conductor, or hot. 
A. 4 oT 
vuowC] `_ B N ENTA 2 


C. С> Toyi $ 


YELLOW 
STRIPE 


FIVE CONDUCTOR qHréeg CONDUCTOR 
CONDUCTOR CONDUCTOR 
NA ғы ДИ { 


hl EE , designed to stop 


Overcurrent protection devices include a5 0 and 
the flow of current should it exceed the safe limit. 


All fuses and breakers are rated in 


— 9 


SLA а 5 ; : z 
PETRI (Overloads, Short circuits) are overcurrents which can range between twice 


and ten times the normal current, but are confined and contained within the normal electrical 


pathways. 
P mem 
(Overloads, Short ie are relatively large overcurrents which may exceed 
the normal current by hundreds of times and flow between the circuits and other objects out- 
side the circuit. 
Fuses or circuit breakers have a limit at which they will stop current. This is called : д? | 
kanna . 
/ „2 4; d pU P 
What does the abbreviation AIC mean? {iy i n ш! ғ nu f 
All overcurrent protective devices are labeled as to what two factors? 
КА (21) EA , А uai 
e “(Сд Perro ву 
MENTI 2 АЖА 714 
When fuses blow ог breakers trip: 


a. The fuses or breakers should be replaced with protective devices or a higher amperage rating 


than the one intended for the circuit. 


7% b. Ignore it. 


4€? The cause should be checked out before the fuses are replaced or the breakers are reset. 
= 
d. None of the above. ——— 
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e E C d 
24. „Дел 1-4. are used to operate all, or sections (branches), of any circuit. 


25. All switches are placed in: 


“Hot” conductors. 


b. Neutral conductors. 


c. Both “hot” or neutral conductors. 
d. None of the above. 
26. List three different types of switches and their purposes. 


ж - 


4 "A ; t " P d = - z " ^ А Ain, ҒҒ 
~ E rn) ғ 242 2v 4 | * (уе eee „6 > " & 


27. What is the purpose of the elect 
ә >] >, 4 Y 


rical circuit? 


А 
=) "m "ua 7 fy on | А == т “у if i 

vof" des / е 217 f f j j / 7 J / > x 

NL RAE SF АҒАС / [ ; 4 " M 


28. Which of the following loads offer less resistance? 
a. A toaster. 
b. An ordinary light bulb. l t 


с. А waffle iron. 


An electric clock. - 


29. List four components of an electrical circuit in which resistance is present. 


ta ff 
ў м 


| a 


30. _¢ жай is the amount of resistance which will permit the flow of 1 ampere of current 


when 1 volt of electrical force or pressure is applied. 


C 
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Сһаріег 4 
TOOLS FOR THE ELECTRICIAN 


Name Score qa 


Date  РеіФ | | | Instructor 


OBJECTIVE: You will be able to identify and properly use tools used for installing electrical wiring. 
DIRECTIONS: Carefully read Chapter 4 of the text. Then complete the following questions and problems. 


Identify each of the following tools апа, in your own words, briefly describe their purpose(s). 


i 
Sr 


(GE Wiring Devices Dept.) 


2, хун pn елесін - ее (Merl "Ae ТТ =. (Pets 
1. Дете A жай 


> 

к г " 3 i 2 

” Ww se - or с x pon A ТАР pe m ус 
3 fa " - 47. |. ME E 4 “ы. 4 f. f bey M oiy i- 5.777 B V 

. E za diam. ме. ШЕ” . EE CEA 2 
қ - 
» 4-7. 
кен k ” ” » 1 ГЕ 7 ` j т" y. sg 
жайт 1% [4 pn \ 1 д 8 
= s 
г. > ^ “ 4 
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(Klein Tools, Inc.) ET | 
"A 


(Klein Tools, Inc.) 


6. Ос KET KA ^ Lo? 


_ же 


NIE 
о? bs 
s е? 
(Klein Tools, Inc.) (Klein Tools, Inc.) 
ёз мілі 1 = јара то. „Даа Aa def | he 
(7 / / ut / A - 1 Р 
L A ( д { A TP 7 
————— Lu = 4) ы ша - a” C 
LES % à = ч 
он 12 A- Fue. г 7 ^" 
NES : мә 
Е —— жм 
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Tools for the Electrician 


(Klein Tools, Inc.) 


pe 


Aretes ом T te Sd? Iq 


(Klein Tools, Inc.) 


12. 


23 


(Klein Tools, Inc.) 


(Stanley Tools) 
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mL.  — 20 prj 


(Klein Tools, Inc.) (Klein Tools, Inc.) 


(Duro Chrome Tools) 
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(Stanley Tools) 


Tools for the Electrician 


24. _ SorDEewe жтОС/- Keir 
зм глог 


(Stanley Tools) 


(GE Wiring Devices Dept.) 


$$ ————————— 
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(GE Wiring Devices Dept.) 


(GE Wiring Devices Dept.) 


v4 “2 


(СЕ Wiring Devices Dept.! 


(GE Wiring Devices Dept.) 


(Greenlee Tool Div., Ex-Cello Corp.) 


33. —Tf 2 | / é (C 34. per Ay ж M (7 
ылы АА lee far. Ү қ 
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(Greenlee Too! Div., Ex-Cello Corp.) 


(Appleton Electric Co.) 


(Klein Tools, Inc.) 


ж” 


38. If any tool is damaged or worn, and reconditioning is impossible: 


a. Give it to someone else. 
“ / b^ The tool should be replaced. 


! 
e . 
C. Use it carefully. 
d. None of the above. 
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39. List and briefly describe 10 tools that are essential to an electrician when wiring. 


І “. т ШОЛ б м” é + а (7 aJ — i LE 2.) Р CAT е Po > se 


40. List four general rules regarding the proper use of striking tools. 


41. The edges of cutting tools should always be kept 275002. 


42. For electrical work, use plier-type tools having properly = -F * 5 handles to help pro- 
tect against electrical shock. 


43. The fastening tool used most often by the electrician is the: 


—_— 


(a) Standard screwdriver. 
b. Phillips screwdriver. 
c. Open end wrench. 


d. Socket wrench. 


44. When selecting a trouble light, be sure to select one with a outlet. 


Ex 


45, Electrical contractors who hire electricians to work for them: 


Са: Will provide the necessary tools for the worker. 


za 


b. Will not expect the worker to have his or her own tools. 
( c.] Will expect the worker to have his or her own tools. 
d. None of the above. 


к 
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Сһаріег 5 


5 
SAFETY AND GROUNDING ESSENTIALS 


Name Score oO 


Date ДРБегюояа I" = Instructor 


OBJECTIVE: You will be able to practice safety in electrical wiring. You will also be able to install a 
well-grounded system that follows Code and that will be serviceable and safe. 


DIRECTIONS: Carefully read Chapter 5 of the text. Then complete the following questions and problems. 


1. List the 13 safety rules described in the text that should be learned and followed faithfully while 
installing electrical wiring. 
| ALERT -TMIN ао” t ue БЕН 
2 fv QUICK милл 
3 Avan Дм Lor 
1 TEST (10.07 го учее АҒАН QE-WE LIZED 

ОСГ, ptt é 


7 mA Ke. Ё ы” F ё Qum L 4 v4 2 Co i “ A жо,» DH é 
— map 4, 2 Bek ~ 7” A - T a * ^" v) y 
Wo Rid ағ / f? OORS CNE кык EES 71 


ГӨРҮ”; ORTEcTS carEfuLl/~ wA 2-КЕ ЕСУ 4ACk 137 2/4” 
ж Der T Sot MP? "P дәл ж- B f nur 7 АРУ 
12 PAAR Ғы” CISSE рл рыла IEIR AiG Foi 

2. Ladders used Бу ап electrician should be made of ow 15 or T 2, mw "rmt d 


3. If a metal scaffolding is to be used, it should be (келе 2613. 


4. When can temporary wiring be used? 
a. On a construction site. 
b. For emergency situations. 
c. For Christmas lighting or carnival power. 
ЕЙ of the above. 


5. List two devices used to protect personnel on construction sites from electrical shock. 


- етиб Ж 2 тыл 15 T “a ГИТ ЖҮ 4. p VES id 
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6. If the floor or clothing is wet or if a person is perspiring, electrical shock will be 


Eoo a than if conditions are dry. 


7. On which type of floor would the most severe shock result? 


a. Wood. 
b. Concrete. 
Metal. 


d. All would be equally severe. 
8. Voltage does not have as much to do with severity of shock as the amount of current. (кодо false) 


9. Complete the following chart, describing the effects of electric current on the body. 


AVERAGE EFFECTS OF ELECTRIC CURRENT ON BODY 

(in amperes) 
0.001 
1 milliampere TINGLING ADU 
0.001 to 0.01 ; d е 
1 mA to 10 тА : 3 7 mI “= е - ч 
0.01 to 0.1 
10 mA to 100 mA ЕХ. 


0.1 ог тоге 
100 тА ог тоге 


Ж” A Dh Sex 


10. If a shock victim is still in contact with the source of electrical current: 
a. Move the conductor or victim with your hands. 
Use а stick or insulated material to move the conductor or victim. 
с. Avoid shutting off the power. 
d. Wait for help to arrive. 


11. Define grounding. 
ПЕ. Салаа ey (Ж hs gon а 
Лт ARE. Ce 


12. What does grounding protect? 


biel / OB Pit FR ah «u (С pnm IPP ж 


\ f Ў y 
er — а гй ыс 27, l ies aS + £ 


L SY / [ x ГЕЈ с n /% m / РА Р , ^4. 2 € Fa | 
f ( A / / * ! E 
/ Ji -aiá EEN ai „е „ме. ZEE 22, А | = 


13. List three sources from which electrical systems could receive extremely high voltage. 


vou Tetas 


— — ÁM— = 


14. List two kinds of grounds for electrical wiring. 
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а ТЕЗ = А i E Е 
15.7 уу _ grounding is the intentional connection of one conductor of the electrical system 
to the earth. 


Explain why grounding of electrical Systems is required. 


17. Label the various parts indicated on this schematic illustration of both System and equipment 
grounding. 


3 


6 


со mimio оо > 


Z 
4% % 
if F al ELECTRICAL SYMBOL 
ud FOR GROUND 
а І (OSHA) 
18. A ground rod must be driven to a depth of at least А ft. to assure а good соппес- 


tion of the neutral service conductor with the earth. 


19. Grounding electrodes are connected to the neutral conductor by a stranded copper conductor 


C c 
no smaller than No... /2 AWG known as the grounding electrode conductor. 


20. Another method of system grounding is to connect the neutral wire to the metal piping of the 
ЖТ: С. supply system in the building. 


| >. Joining all metal parts of the wiring system — boxes, cabinets, enclosures, and conduit—to en- 


sure having good, continuous metallic connections throughout the grounding system is called 
=}! 
(Sopra Žž . 
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22. Bonding is required at: 


23. 


24. 


29: 


26: 


a. All conduit connections in electrical service equipment. 
b. Points where a nonconducting substance is used that might impair continuity. 


C. All service equipment enclosures whether inside or outside the building. 


/ уа of the above. 


In theory, with the neutral wire grounded at the supplier's pole (transformer) or at the building, 


what would happen if you touched the neutral wire? 
veg IS К 


grounding is the method which bonds the grounding conductor to equipment 
enclosures and metallic noncurrent carrying equipment. 


<n Е LJ . LJ = 
А Cu MO Live™ occurs when conductor insulation fails or when a wire 
comes loose from its terminal point and contacts normally nonconducting metal parts. 


Label the parts indicated on the service panel sketch below. 


m & 
NA 
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27. Label the parts indicated on the subpanel sketch below. 


28. What does the abbreviation GFCI mean? 


еі M Ou ч Pu : Fw (- 2 аі 


29. List three locations of а residence where the NEC requires GFCI protected circuits to be used. 


"n 
р 


33 


Modern Residential Wiring Workbook 


30. Name the device shown below and describe what it does. 
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Сһаріег 6 
WIRING SYSTEMS 


n 
Score / ^e 


БӘКЕ o  -Penod ——Ć  — Instructor 


Name 


OBJECTIVE: You will be able to recognize various wiring systems. You will also be able to describe 
various wiring systems and determine where to use them. 


DIRECTIONS: Carefully read Chapter 6 of the text. Then complete the following questions and problems. 


1. Conducting material for carrying electricity is commonly called ШАД Hp. 


2. List four items included in a wiring system. 


Ж te 


3. Regardless of the system of wiring chosen or required, it is important to have a continuous 


(32 2 лә throughout every part of the system and every circuit. 


4. Suppose you are working with a common 120 V ac circuit that has three wires. What is the purpose 


of each wire? 

/ A - j 

/ Lor В ЖС ж fz. ied Eu Dy ER em d. > 4 | , ! 
С бе 


oe 
b" 


a Д 4 x 
7s A x ( / ж; 


f omy жо: > 
ж e. ins: 2 


-— 7 


Án) 2,7 
A Ji —R — 
— 7 - "at? Р 2” E 7 yd 
e М ТЕБЕ MTS L болшу? (чё /Т С. 
ә ы 
=> ЕДИ AE "MZ. t in CHAM 
/ 2 
2 = d _ М = — - 0. — — 
4IQWO TIGHT Едиб ml te $a 
y / РУ 9 А 
ғ — ЕР 
A 
= І | " Т 
2 / PAS /* | жый» зы ад АА... = ҰҒУ 4 2. è i Al ds E 


vn 7 E ке м Е Ф me = 
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6. Identify the wiring systems shown below. 


moo?» 


7. List seven factors that determine which type of wiring system will be selected. 


V 27 ‹ fi а Т. £n. 


8. TN conduit is galvanized and somewhat similar to water pipe. 


9. Which of the following conductor systems must be cut, threaded, and reamed before it is installed? 
a. EMT or thin-wall conduit. 
b. Nonmetallic sheathed cable. 


ДУ, Rigid conduit. 


d. Flexible metal conduit. 


10. Intermediate conduit (IMC) is permitted for use in all atmospheric conditions and in all types of 


occupancies. (trud or false) 


11. | £v or Т Уау - A conduit is connected length-to-length 


or to electrical boxes with suitable pressure couplings and connectors. 


12. According to the National Electrical Code, when three or more conductors are used in conduit, C 
/0 


the fill, for the most part, must not exceed 2 percent of the conduit's cross-sectional 


area. 
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13. When trying to find the correct conduit size, you should refer to tables in the ШО ъл HL 
EL LOT RICAL ba D А 


14. Wires should be pulled through conduit only after all conduit is: 
a. Connected to all outlet boxes. 
b. Thoroughly tightened. 


c. Checked for burrs which could damage the insulation on the wire. 
CH) All of the above. 


15. Flexible metal conduit (Greenfield) is used outdoors in all kinds of weather conditions. (true or false) _ ) 


16. Explain why Greenfield is pm used with EMT or rigid conduit. 


17. Because of its extreme flexibility, 2/22 "5! ер жез 
DOMO conduit can be used to connect Sees which is portable and/or which 
vibrates during normal operation. 


18. Armored cable (BX) must only be used in dry locations since its cover is not weatherproof/(true ^ 


жаб 


or false) 


19. Today, the most widely used conductor system used in residences is 


SUE ATI TA cable. 


20. Me type of nonmetallic sheathed cable may be used only in dry locations: 


NM. 

— 

b. ММС. © 
c QUE. 
d. USE: 


21. This type of nonmetallic sheathed cable is extremely tough and durable, and used for direct burial. 
a. NM. 
b. NMC. 


(€) UF. 
Сф USE. 


22. Rigid nonmetallic conduit: 
a. Can be used to support fixtures. 
b. Can be used in hazardous locations where physical damage is likely. 
Is corrosion-proof. 
d. All of the above. 
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23% РМ or nonmetallic conduit сап be bent using special bending boxes which consist of 


£LuMLS | to warm the conduit. 


24. List four items that are needed in order to install PVC. 


25. What factor may limit the use of PVC in certain locations? 


IT 1€ TOX poto f args 
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Chapter 7 
BOXES, FITTINGS, AND COVERS 


Name Score Leo 


Date |. | | | Period | | | Instructor 


OBJECTIVE: You will be able to identify and determine where to use common boxes, fittings, and 
covers. 


DIRECTIONS: Carefully read Chapter 7 of the text. Then complete the following questions and problems. 
2 | 


1. (ажы апа сә € 2% are used to house and protect electrical conductors and 


electrical devices. 


2. The NEC requires that which of the following be housed inside approved enclosures? 
a. Joints. 
b. Connections. 
c. Splices. 

(d: AU of the above. 


и 


3. Name three materials from which electrical boxes тау be made. 
Cin) Йа А<< 
FIBAK GLAS 


Q J б. 


(ҒАС LA" 


4. Identify the four common box shapes used for electrical wiring boxes. 


A. -SCRA ARE 
B. Ст Дб 
(e red pi | 
р = ae lt 
A 
С 


(Appleton Electric Co.) 
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5. Which of the following shapes for electrical boxes is used only for fixtures such as ceiling lights? 


g Round. € 


V 


a. Square. 


c. Octagonal. 


d. Rectangular. 


Which of the following shapes for electrical boxes is preferred for wall receptacles and switches? 
a. Square. 

b. Round. 

c. Octagonal. 

/d. Rectangular. 


7. Metal boxes usually have a (оо. finish. 


8. 


21 


10. 


ЕЁ 


12. 


13. 


14. 


VS: 


Any type or shape of box is suitable as a pull box (true) or false) 


[Ji1:--17 рохеваге seamless and have rounded corners to prevent injuries. 


M / €. 
X5! 


may be removed only to provide an opening for a cable, conduit, or fitting. 


No other openings are permitted in electrical boxes. 


Boxes with removable sides are the only ones which can be ganged. (true or false) 


Boxes must be securely fastened to a Smutty л, member of the wall, ceiling, or floor of “ 
the dwelling. 


2 ff А д қ и 
апа «Ше boxes аге rugged, lightweight, and resist corrosion. 


2 —-——AL- аге parts of a wiring system which are designed to interconnect conduit, 


conductors, or boxes. 


Name 10 types of fittings used in electrical wiring. 


De] АО uL 


7] 

) zm 
AlN G feit 2 
FAC " eg 


27” е ГА {/ A A^! J 
«„Л@Хы 

| ҮЛЕ ТИР: 

\ ot А M w ~ 

Жж” 

(3 Sitz Ml ! fM 

1 . 

\ ‚ ` 

1 d ім ! ae. a 
ip 27 à / * 
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16% 


17 


18. 


jk 


201 


210 


Boxes, Fittings, and Covers 


List three purposes of box extension rings. 


с. most (efr n Mer; 


a 
{1% СА i 


List two fittings which secure conductors to an electrical box. 


2 
& 6279825, 


CLAMPS 


) 
j "рме " е " Б 
Stew) AM 0! devices are used to prevent strain on wire connections made to outlets or 


Switches. 


N 
Grounding is required only on metal boxes. (true/or false) 


nyie 


-—Xf^ 


I". 7715.1 22M is a spring or tension device that holds the ground wire in tight 


electrical contact with the box when it is hooked over the edge of the box. 


NEC requires a grounding Buse IMGs | wherever conduit enters a nonthreaded opening on 


a box. 


Identify the switch and box covers shown below. 


E гл т — БҰР 


> ғұпг ж кс 
| 


(RACO Inc.) 
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23. [?L.L | |  J/Z4orftot/7 || refers to the number of conductors that the Code will allow 
in certain sizes of boxes. 


- 


24. Plaster rings аге special adaptors that сап be used оп either ceiling or wall boxes. (true or false) 


25. List three ways of increasing the capacity of a box. 
PLASTIC e R 1d las 


ÉSIERIC: 
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Chapter 8 


9 INSTALLING BOXES AND CONDUCTORS 


199 


Мате 


Score 
Date. |. | |  J Period | |. | |. Instructor 


OBJECTIVE: You will be able to rough-in and install boxes, conduit, cable, and conductors. 
DIRECTIONS: Carefully read Chapter 8 of the text. Then complete the following questions and problems. 


1. Boxes, conduit, cable, and conductors are installed in new construction while the walls are still 
pe 
open. [trug or false) 
2. Before beginning a 2-42 - ж, , an electrician will prepare а rough 


sketch of a room to indicate where and what types of electrical components are required. 


3. Switches and other devices intended for standard elbow height are usually marked at 
#92-42” 


inches from the rough floor. 


% Outlet boxes are customarily attached to the stud _____/4%— inches off the floor. 


Б. Most electricians run cable or conduit before boxes are installed. (true or false) 


6. Identify the various methods used for attaching boxes as shown below. 
A. 8 


| (AA. 


43 


10. 


Vik 


o 


88. 


14. 


5. 


16. 


LEA 


. А [Me 8 ЕГЕН is the section from the circuit breaker to the first device 
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A box must be mounted so that its face extends beyond the stud and the thickness of the dry wall 


Ж? 
of plaster surface. (true or false) 


| 


іп the circuit. 


Before (жазыб is cut and bent, you will need to plan and measure the best route from 


box to box and then to the panel. 


Notching for conduit is preferred since it does not weaken the frame as much as boring does. 


(true or(false) 


Name two tools normally used to cut all types of conduit. 


a buta ^ c . 
_ ДІ 3” ——— bends are those made on the construction site. 
A jt “+ 7 is used primarily to bend large sizes of conduit while а (£g 


is used to bend smaller sizes of conduit. 
NEC specifies the АО, © €. оғ conduit bends. 


Define stub height distance. t 
Jt ilre "EY 


Explain when an offset bend would be used. 


Ж TT T: m— — 
А! Sd 5 e / : ) HA f ^ 1 ZI a ) E" 
/ e Жа. yi E г Я á 3 4 4 


A 


= 


Copyright Goodheart-Willcox Co.. Inc 


44 


18. 


19., 


20. 


21. 


22% 


2ib. 


26. 


27. 


28. 


29. 


39: 


ЭМЕ 


Installing Boxes and Conductors 


List four facets that must be considered when producing an offset bend. 


(DEPT 


OSTACE. 


= o е... - 


What is the key to precise bending? 
6Е6Ғос (с Aso 66-56 А7 


Explain the difference between the saddle bend and the offset bend. 


а a у acm = {= қ 
“АА A Ұйсай READ TE noe fme D 


When making the saddle bend, the center bend is always made first. (true or false) 
When bending nonmetallic conduit by hand, use heat resistant C: ~ ‚ ^ AN 
. When bending ІМС or EMT, the number of bends between outlets or fittings must not be greater 
than the equivalent of four 90? bends or 360? total. (тие or false) 
In general, metal conduit must be supported within = 2 ft. of every outlet box and 
at a minimum of every ЖС) ft. of run. 
oh / 
When installing flexible metal conduit, support must be provided at least every f LX 
ft. and within. — Je in. of every outlet or fitting. 
List two reasons why Code requires that conduit is securely fastened to electrical boxes. 
„МС ЕСИ болодо JS má4vorA HED (SETTE Cor 9 
TO л) У; 10 2 y, Ui», ( 1 | | 
Acus LUE is used to pull wire through conduit. 
T rum "a 
Wires being pulled should be kep 1 111 11 (bent, straight)“ 
мге — cable is quite flexible and can be pulled through bored holes with greater ease 
than conduit. 
Armored cable should be measured off and cut (before, after) itis pulled through 
the holes in the framing members. 
List three methods of cutting armored cable. 
- 2 A. P 
f 
- | , "1 1 t ! ү 3 
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32. Identify the parts indicated in the drawing below that illustrate installing armored cable to a box. 
Arı- S, Suc bi 


A ое“ 


9/97 


33. The outer covering of nonmetallic sheathed cable is usually а plastic or thermoplastic material. 


(true dr false) 


34. Why are cable strippers used? 
AU P rig | ut fr | ж; 


Am к, fa 
2*9 Wolf 


35. Ground wires should be attached: 


a. Together. 
b. To the box. 
c. To any device installed at the box. « 


а.` To all of the above. 


S 
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Chapter 9 
DEVICE WIRING 


Name Score / ЖҚ e _ 


Date  Реоәғд | |J | Instructor 


OBJECTIVE: You will be able to splice conductors to one another and connect them to switches, recep- 


tacles, and fixtures. 


DIRECTIONS: Carefully read Chapter 9 of the text. Then complete the following questions and problems. 


ШЕ 


24 


4. 


8. 


refers to the installation of devices and fixtures. 


If an electrical product carries the label of a testing agency, the Code states that you can use 
the product for any purpose you choose. (true or false) 


Conductors and cables must be carefully routed and sufficiently supported to eliminate ‘‘bunching’’ 
or ‘‘twisting’’ of the cable and possible conductor damage. (true or false) 


All splices and connections must be covered with an insulation 1 1 |  Á (less than or 


'equal to) the conductor's original insulation. 


Code requires that... 7 .switches for electrical machines and devices should be clearly 


marked to identify what they control. 


In removing insulation from a conductor, you must be careful not to damage either the conduc- 


tor or the remaining insulation. 


ЖА 
С 


Which wire below has been properly stripped? 


A B (U.S. Navy) 


As a general rule, the amount of conductor that should be bared to allow enough bare wire to 


make a proper connection is: 


a.» 7/8 inch. 
b. 1/8 inch. 
Gapouncnes. 
d. 1 foot. 
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10. 


ШШЕ 


1125 


IS. 


14. 


15. 


16. 


We 
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e 5 . . хаж” 4 Ed 2E J 
The preferred way to remove insulation is witha 2174 —Ž enh is б 


When attaching a conductor to a device terminal, the curved hook on the conductor must be € 


connected: 
a. So that it has less than a two thirds wrap. 
b. Counterclockwise onto the terminal. 

(<> Clockwise onto the terminal. 


d. So that it overlaps. ж 
INE 

Conductors are spliced together by twisting the wires їодеїћегіпа — 1 (clockwise, 

counterclockwise) direction. bM 


The steps for producing a Western Union splice are shown below. Place them in the correct order 


by numbering the steps from 1 to 5. 


EN 
% 
E. ч, 

-ұ” 

E é 2 в" 
Гай 1 / мы 3 
STEP NO. ud. "A > ч 
! 
/ SEPAN. о- “ 
ROSIN CORE 
SOLDER CM o M ERG ER 


STEP NO. 5 _ 


STEP NO. | 


STEP NO. Т (U.S. Labor Dept. and U.S. Navy) 


Thekeytogood. -  . ... isto heat the joint so well that it melts the solder onto itself. 


What can you use to join large-diameter conductors? 
! , , 


p Аа; 


^ 
4 


The function of a АИД _. is to control the flow of electricity to one or more electrical 
devices. 


List the two common switch ratings. 


— o ү W MJ 
— NR" 


A single-pole switch has four terminals. (true of false) 
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18. Outlet 


re used to transfer electrical energy from conductors to appliances. 


Г Identify the parts indicated on the duplex receptacle below. 


T - 
A. Еди CFF 


= OTE 


(Bryant) 


20. Explain how to connect a grounding type receptacle to conductors. 


4. 
ZA 


ж 


21. What method of conne 


cting several wires together is shown in the diagram below? 


2 


FROM 
PREVIOUS 


OUTLET 


TO NEXT OUTLET 


BARE OR 
GREEN GROUNDING 
WIRE 


22. А ТД iN o receptacle is one in which one of the outlets in a duplex 


receptacle is controlled by a switch while the other is always energized. 


Copyright Goodheart Wilcox Co Inc 


49 


Modern Residential Wiring Workbook 


23. Identify the items indicated in the drawing below. 


» 


rommeonsq 


= 


m 


1674. E 


FEEDS 
€ vv 
шаны» 0 L1 1. ————— 


Y my А ЗИ 
any ive Ф. 


= re ie Ё 


em 


Em 
Hor 0 БЕ" < 
7 
Sm wWITCH 


24. Fixtures may be mounted to boxes in a variety of ways depending on: 


a. Type and location of the fixture. 
b. Material from which wall or ceiling is made. 
с. Weight of the fixture. 

7% All of the above. 


25. Heavier fixtures require substantial box wih’ 2 and ERAS ’ A 


50 
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Сһаріег 10 
PLANNING BRANCH CIRCUITS 


Name 


Score Lo 2 2 


Date |. | | Period | | | |. Instructor 


OBJECTIVE: You will be able to plan for the minimum requirements as well as for future needs for a 
well designed wiring system. 


DIRECTIONS: Carefully read Chapter 10 of the text. Then complete the following questions and 
problems. 


1. List seven problems which can result from obsolete wiring. 
/ =, —— ЕР; c ws „ш Dra 5 


y < / / “2 4 - 1 


2. Explain why it would be impractical to place all electrical loads in a building on a single circuit. 


- (^ к, rá vt a v AL uy ” 
А5 ( 
* i 
СД жі TE” ; ы l 
3. A Lok , Leur is a separate electrical path, independent of other elec- 


trical paths in the builidng. 


4. Name the three main categories of branch circuits. 
——o cm RN SOI IETA С Рев t 


сі. e UM T. й 
> 4 a Р ) 
z ег” ess ыса: == з EM CM ĪA TIE с. œi me - V — # 


fA 


e LLV L)/ V7 Ж. [ite the ДА Ра 42 ы AN (42 = 


5. What two factors must be considered when planning branch circuits? 
/ з 


—  — ——— 


6. The Code allows VA per square foot of floor area. 
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7. The loads for lighting outlets and receptacle outlets can vary м, (true дг false) 


” 
à 


8. In determining electrical loads, / E né W (volt-amperes) should be allowed per grouped ё 


duplex receptacle outlets. 


9. List seven factors that should be considered when designing a branch circuit. 
e C uiv ax 


10. It would be unwise to use wire smaller than No. EN "2 AWG in homes that are built today. 


11. Lights should be controlled by: 
E switch or switches near the entrance(s) to the room. 
b. A pull chain on the fixture itself. 
c. A pushbutton on the fixture itself. 
d. All of the above. 


12. A light switch should be located on the latch side of a doorway. (true or false) 


13. Wall outlets must be located so that no point along any wall will be more than с ft. 


Jd 
(__/ ¥ 5 mm) from a receptacle. 


14. List seven places where receptacle outlets are required in a residence. Also indicate where GFCI 
receptacles should be used. 


Жалға ж АҒ 


{ Caf = : =. 
/ = ) Ге г E | £ 
- = 
15. Receptacle outlets should be placed а to ѓе» inches above the floor 


line and as close to the ends of large wall spaces as possible. 


16. Every room should have at least one lighting outlet; (true or false) с 
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17. List nine appliances which require a separate circuit. 


TER ме. 


my A ic. 


? сіст, 
4 FR Асе 
к Act 
о е ате е. 
7 wc 72% 
d м Pera 
М ^i Q Cor N} АС 


18. Determine the number of general lighting circuits needed for a dwelling with an occupied area 
of 1400 sq. ft. The ampacity of the circuits may be either 15 or 20 amperes. (Show your work 


in the space provided). 
1. Find out how many watts the Code requires of the occupied space. 


PAAD уд ors 


2. Find the total amperage needed if the supplied, gio tage is 120 V. 


12-5 amperes же 7/22 ОР 


А 
/ e “« 


3. Now divide by the amperage of the circuits to find the number of circuits needed. 


2 у 5 Pie ркі ә 
ә 15 ampere circuits miminum ay ^ 2 
-— 2 d 
or / / 
7) a . т . 
t» 20 ampere circuits minimum = 
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19. When Tu we ш of branch circuits to the service нен it is important to keep а 


Additional activity: 


Using the information provided in this chapter, design an electrical plan for the single- -family dwelling 
shown below. Draw in switching arrangement and general and special branch circuits. Have your in- 
structor evaluate your electrical plan. (You may want to refer to Figure 11-4 of the text to see how 


to draw common electrical symbols.) 


— edi SERVICE ENTRANCE ы" 
е ARCH кау 4 
KITCHEN 
UR || | BEDROOM 3 
à BEDROOM 2 
DINING ROOM 
DRYER 


$3 


di к 


HOUSE AREA = 57” x 30’ -1710 SQ. FT. 


POWER EQUIPMENT = 1710 x 3 WATTS = 5130 VA 
TWO APPLIANCE CIRCUITS AT 1500 VA 3000 VA 
ONE LAUNDRY CIRCUIT AT 1500 VA : 1500 VA 
SUBTOTAL SM. APPLIANCE AND LTG = 9630 VA 
WATER HEATER 7.5 kW = 7500 
DRYER 5.0 kW = 5000 
DISHWASHER 1.5 kW = 1500 
RANGE = 17,000 
FURNACE (omit air сопа. NEC 220-30[c]) = 10,000 VA 


FIRST 10,000 AT 100%, REMAINDER AT 40% = 26,252 (26.25 kW) 
26,252,+ 240V = 109A = SERVICE MINIMUM 
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(А) NUMBER OF LIGHTING GENERAL PURPOSE CIRCUITS = 


5130 W 
> 120 VOLTS = 42.75 AMPERES OR MINIMUM 3, 15 AMPERES 
CIRCUITS 

(B) AND NUMBER OF SMALL APPLIANCE CIRCUITS = 
EACH, PLUS 1 LAUNDRY 20 AMPERE CIRCUIT 

(C) PLUS SPECIAL PURPOSE CIRCUITS = 

TOTAL BRANCH CIRCUITS (A)(B)(C) = 


2 at 20 AMPERE 


11 MINIMUM 
RECOMMENDED SERVICE 

120/240 VOLT. 3 WIRE 
NO. 2 THW TYPE WIRE 

COPPER CONDUCTORS 


NOTE ALL CALCULATIONS ARE FOR THE MINIMUM REQUIREMENTS! 


“ 
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READING BLUEPRINTS AND 
WIRING CIRCUITS 


Name | Score [Oo 7e 


Date ti Репо. Instructor 


OBJECTIVE: You will be able to read blueprints. You will also be able to identify various symbols 
used on an electrical plan and wire circuits. 


DIRECTIONS: Carefully read Chapter 11 of the text. Then complete the following questions and 
problems. 


ELECTRICAL SYMBOLS 
The American National Standards Institute (ANSI) symbols should be understood and memorized 
by every electrician. Commonly used symbols that an electrician will need to know are given below. 


Identify each of the following symbols. 


GENERAL OUTLETS 


e. 


О -О—еаш 
2: CT ы. dX 
з. Oo ман eee zt, T 
4. © -© іе LEC, o2 
Lo © i | 
6 © -О -Тулеговг! 

7 © -O —Aeme /оғЫ! 
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қ , 1 "n j 
a op V (ch 
= Ee 


CONVENIENCE RECEPTACLES 


“Әз 
wr LAER ESL Soy i 
ES 2Чоу DO 
Ha Әс NOE, 
> Ө, „т му, ж 


G \& T" 
лт 28  ] ] 0 _ _ _ _ — 
uu ЕРТЕ кым ЕД Е pe PT 

\ 


SWITCH OUTLETS 


24. 
25. 
26. 
27 
28. 
29. 
30. 
Si. 
32. 
33. 
34. 
35. 
36. 
37. 


38. 


S 
S2 


S3 
S4 
So 
Se 
Sx 


Sp ———— ec Vion spew Ф 


Swee 


Sme ji \ ui vut BY? ЕТЕ ni 


Swe д.ж 111114 ^ 
Sr Йа Sai 


Ѕиғ Lucas ае ОД 
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PANELS, CIRCUITS, AND MISCELLANEOUS 


AUXILIARY SYSTEMS 


Ж, 
99. а 


54. 


95. 


[*] 
Cy 
Bo 
56. “© Jimeta 
Hd 
K 
K 
© 
(0) 


57 ж ТТ», ТУГУ, 
. he el et ———————— 
58. 
59 беге ш 
/ 7 of PT p T a^ 
60. ыз са E 
p « 7 ^ — — Ам. 
61. жал ёл шш ы со ыы 
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62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
zd 
qas 


73. 


ПЕ ш т @[ #1 


74. 


75.10 1! ХМонмбас-Ц-.ӛ-.. -... «екен 


Name three types of information that electrical symbols can give you. 


77. Explain why on an electrical blueprint, the dashed line running from a switch symbol (S) to the 


outlet symbol is always curved. 


e T / f ( 4 {2 5 (v^ \ b / a) СА ) 


78. А special outlet symbol carrying a lower case letter alongside must be listed іп the key of sym- 
bols on each drawing and if necessary, further described in the specifications. (true or false) 
/ rok ышы ы 1 ; i i i 

79. at n io КҮ is a blueprint of the electrical plan which explains where 


cable is to run and how many conductors it must have. 


80. List the three primary reasons for polarity wiring. 
һы. as ^t С / / 


- CVE Vou E : 
—] tt 4 
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56-0" 


Em — —— Se ae — . : 13 ња. 
{ 2х4 тооз - 
| H a 


sã EL 99'.10" 


—— 


= 
р ' 
12-0" - 


2-2x 14. Bia / 4. 2x4 
PLATES | 


" 
| 
| 


GARAGE 
23-4" x 23-8" 
4” CONC. SLAB FL. 


ORIVEWAY 


SELF-CLOSING 
BOLIU „ORE Doow 
N 


ЕТТЕ 


Ha кушт кз ТАВ Б ауе 
WALLBO. WALL @ cni 
e 


11-19“ 


І 

f 

| 

, ` 

! 

|| exeosec ЕЧ ч 
|1 2x12 E eam E 
| E 

| 

| 

І 

' 


SS 
arms v 
-і —— 88, 
| F \ Ж oe 4 
| [SETS Я Т 1 T 
т = " ТЕ PosT ең ғ - 
lali | 3 ў ES X mco 
"eo Ph | Бел тес -— | 
С Уты eso M Н А | аи T 
15-0" x 20' О" Ma SS " 
CAGHET a J © а DA s 
a KITCHEN ) - 
/ IS*4" x 9*0 7 
AIZ- Lock Уму Fre D 
m 74” -——— A 
SUE Р 
Viny = 
жағала Gai 
3 = 
Dae |5 A АМ41-22 
STOOP 
(27 Tue белсе TEOMBE WALL 4" Conc SLAB | 
7277 2224 
ups? 
4-6 s oc 
о-о 


__16-0' 16-0 [es | eee 22-o 
МА 
| ACEA SOFT 
| Fiesy Frooe 1781 
BASEMENT 5? 
| Gagaga 576 
Е Е © бгр P L А N 


ж Іп the drawing above, which rooms һауе three-way switches? 
E 3. ( /o " » A 4. % А ч | y Ё ж. 
Liv We joo у жү” Ave уе -ә т” 1 м ГР Ж 
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84. In the chart below, identify the name of the system and sketch each one as а pictorial. 


Name of System As drawn in Pictorials 


_————— wA >, 
am. — 


———— 


= 
-- 


85. In the spaces below, sketch the blueprint and schematic of the pictorial given. 


ИЕБИ aes EXEC  — ж.ү 
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86. Duplex receptacles with provision for grounding can be continuously live or шы Т, or false) 


o ы à E H A ы . О 
€ APVT жатама receptacles are used mostly in rooms which have no ceiling 


outlets. Thus, lighting devices such as lamps can be switch controlled. 


88. 42 RAY switches control lights from two distant locations (for ex- 
ample, in rooms having two entrances). 


89. A Par — Switch is wired so that it glows when the fixture is on. 


90. To protect other receptacles that follow а GFCI on the same circuit, the GFCI must be placed 


in the outlet that is electrically closest to the circuit breaker panel (power а ыш: or false) 


91. Draw the blueprint plan of the pictorial shown below. 


CONDUIT 


SOURCE 


Blueprint plan: 


г М 
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92. Draw the schematic of the pictorial shown below. 


Schematic: 


93. Using colored pencils, draw in the wires using the correct colors on the pictorial below. The pic- 
torial shows a light controlled by a switch. The receptacle beyond the switch is live. The source 
is at the light. 


Eee 3 к alt | d . " 5 


NEUTRAL ы 


EN 
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94. A light fixture controlled from four locations using two three-way and two four-way switches 


is shown below. The feed is at the fixture. In the space provided, draw the cable layout for wiring 


2 


this circuit. 


BL - BLUE WITH 
BLACK TAPED 
TERMINALS 


Cable Layout: jd s 
L L еі 


т бу 2 СС? 
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95. Using colored pencils, draw in the wires using the correct colors in the pictorial below. The pic- 


torial shows one light controlled by a single-pole switch. One circuit is the source, the single- 


pole and one three-way switch are housed together. 


3/4” CONDUIT 
2-WIRE 3-WIRE 
OUTDOOR 
LIGHT 
С--з == 


SER EN mum BW 
zs ee 


e 


EN s - 
dI AN 
ol | 


SOURCE 2 WIRE 


Е BW = USE А WHITE WIRE WITH BLACK TAPED END 


А. Ьо 177€2, 


6 


Г Ae NI 
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Сһаріег 12 


> THE SERVICE ENTRANCE 


Name 


Score a sui dial 


Date |. | J— — Period Instructor 


OBJECTIVE: You will be able to describe the components of the service entrance. 


DIRECTIONS: Carefully read Chapter 12 of the text. Then complete the following questions and 
problems. 


1. All electrical energy supplied to power-consuming devices in a building must first pass through 


the җене __ entrance equipment. 


2. Power is carried from the pole transformer on three wires of which: 
a. One is hot and two are grounded neutral wires. 
( o) Two are hot and one is a grounded neutral wire. 
c. All are hot wires. 
EC] d. All are grounded neutral wires. 


3. Service wires brought in to a building overhead from a utility pole are called the service 
Dpop . 
4. Service wires routed underground from either a pole or transformer pad are called the service 


LEAL . 


5. List eight amm an electrician should follow when choosing the location of a service entrance. 
4- 44. 


l — <-0 ет ff FEET Ais Fe 
Zo ACT FS ж- 
A or ^P ауф. 
n -- ИУ iu^ УСА 7.7. woh) T- 45% ы у Ф. 
De = X AEN à "T Р EL 
Iei me __f -c : 
) 
А ] г) ж; Э. 7 Pj - 
| ЖАР / T 2 ; 2 
2 = / ж / / / К. - /5 Ed. E Ф 
e ? 
* Ss = # ТЕЛ М, E. 2 = 
7 7 der fcri zo FARIA) іа "I "a М2 beu. ИА 1 
ё - EFIR Әр h Ж - бо С жас Т 
. . . а è / < 7 oN 
6. For homes with electrical heating systems or where future expansion is likely, a / — A 
" or Ем A service entrance load is best. 
— 2 | 
7. Most service drops in new homes are made with Ж cable. 
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8. 


12, 


N3: 


14. 


15. 


16. 
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Identify the items indicated on the service entrance diagram below. 


= Sie ee шас enc LT 


ee 


Bae ЧА ча Ча ЧА ЧЁ ЧӨ ЧӨ ча ЖЫ дл УЧОО) SWR. Vweeceem eV 


м 
А — Me _ la de is a fitting installed at the top of the conduit or aa 
entrance cable to Шу ета from entering and shorting out the conductors. 
же 


4 ж z - 


The watt-hour E, м, © keeps records of electrical power consumed. = ~ 


A weatherproof or watertight connector must always be used when the service entrance cable 


enters the meter enclosure from the top or side. (true) or false) 


An moa fear is used as a means of attaching the service drop wires to the service en- 
trance conductors. 

з -»-ж252 ir^ Yo * à 
A split-bolt 7, - - connector assures good electrical connection 


between large connectors. 


List two types of equipment that will disconnect all wiring from the power source. 


A J 
Wu СҮ Ут . - » 
Жы” м, е. 
с. 


If a main disconnect is placed ahead of a lighting panel, the supply conductors must have ап 


4 


Generally, the main disconnect is part of the service panel, consisting of a main breaker or pair 


ampacity less than that of the main breaker or service switch. (true oralse) } 


of fuses. ((true or false) 
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17. Identify the items indicated on the service entrance layout shown below. 
A. da "TZ АЕТ. 
ir ©, | 


electrode 


conductor. 
^ Y [А 


18. List four characteristics of a grounding 
` Р. Е 


>< 3 
` 


J /; ғ) i 
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20. On the figure below, indicate the above-grade minimum clearances. 


Жы ROADWAY 
WITH TRUCK 


О 
TRAFFIC 


N 
DRIVEWAY TRUCKS 


21. On the figures below, indicate the clearances around building platforms and openings. 
Yi 


22. What is the purpose of circuit breakers and fuses? 
{7 > ^ 4 IF "a Cia 2/7 Ф / / 3 Y 4 А ? / Sb 114 У N ‚ > ) 
= Cono OW K, Au M. 
m Р "Y a vi ° à . . . < 
23. A лї“ Ir ж is a device designed to open and close a circuit b 


nonautomatic means and to open the circuit automatically on a predetermined overcurrent without 


injury to itself when properly applied within its rating. 
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— 
24. Essentially, fuses perform the same function as breakers. (true of false) 


4 What type of service rating is most often installed for one and two-family dwellings? 


„ Aes stud -— e 
Sy 0€ [LS D AIKE 
26. Theterm аа Pe indicates three s 


27. 


28. Transformers which increase the primary voltage are called step-down transformers. (true or false) 
29. A chain of transformers links the generating plant with the consumer. (true or false) 


30. Four-wire, three-phase systems are often used in structures such as: 
a. Factories. 
b. Hotels. 


c. Apartment complexes. 


All of the above. | 
AM 


ЛГІ (first of final step-down occurs at the local pole transformer near the struc- 


ture it serves. 


Ф Identify the items indicated on the diagram below. 


A. 

B. 

© 

О. 

Е. 

F. 

G. 

H. 

l. " 
к. Env. 

L M PI 
M. Атый fat 

N 4 

О. 4% 

P. 3 ia 
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33. A more versatile alternative to single-phase wiring is — <  -a"MAÁSE ж wiring. 


34. ! 773 


240 V three-phase circuits. 


-connected three-phase, four-wire service supplies 120 V single-phase, and 


35. Іп Delta four-wire systems, the '^wild'' phase C must always be identified at all terminations and 
accessible points. This is usually indicated by the color: 
a. Green. 
b. Purple. 


CN Orange. 


d. White. 


€ 
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Сһаріег 13 


APPLIANCE WIRING AND SPECIAL OUTLETS 


Name 
Date 


Score 


Реб . — — — Instructor 


OBJECTIVE: You will be able to describe the wiring considerations and procedures for wiring appliances 


and special outlets. 


DIRECTIONS: Carefully read Chapter 13 of the text. Then complete the following questions and 


problems. 


1. List five large appliances that require special wiring considerations. 


receptacle hookups are commonly used on dryers and ranges. 


3. In general, appliances should be placed on a separate circuit if they are rated at: 


a. 
b 
с 
d. All of the above. 


120 volt, 12 ampere plug. 
1/8 plus hp. 


240 volts or more. 


4. Name the three methods by which heat travels. 


5. Heaters are almost always automatically controlled by 


by the heating unit or built into it. 


6. Latest NEC publications prefer giving heater sizes in ____ 


which are located close 


7. The most common residential and small commercial type heaters are 


71 


units. 


8. 


9r 


ШО; 


ІТ, 


12 


Шер 


14. 


IMs 
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Name six factors that can influence a choice of heater units. 


ы 


The circuitry for а baseboard heater is shown below. Label the parts indicated. 


A. 
A E B. 
л _ 
D: 
E. 
E 
D 
Electric water heaters require a separate Т volt circuit. t 


can often be connected to the same circuit as heating units, 


since they would not be operating at the same time. 


Garbage disposal units are most often controlled: 
a. By a plug and cord connection. 
b. From the panel circuit breaker. 
c. By an on-off switch. 
d. 


None of the above. 
Dishwashers carry a rating within the range of 5-10 A at 120 V. (true or false) 


Refrigerators and freezers should have overcurrent protection, fuses, or breakers rated at not 


more than. Т percent of their nameplate current. 


Counter cooking tops and wall-mounted cooking units require special circuits and overcurrent 


protection in the form of fuses or breakers, usualy — =  — to | |. . A 
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Chapter 14 
LIGHT COMMERCIAL WIRING 


Name Score 


Date |. | Period Қа ака Instructor 


OBJECTIVE: You will be able to describe wiring for light commercial structures and multi-family 
or multiple occupancy structures. 


DIRECTIONS: Carefully read Chapter 14 of the text. Then complete the following questions and 
problems. 
1. Which of the following stores would most likely require only a simple 100 ampere service? 
a. An appliance store. 
b. A card shop. 
с. An electronics store. 
d 


A heavy-duty tool shop. 


A 30-unit apartment building may easily require a service entrance of: 
a. 25 A. 

b. 100 A. 

c. 500 A or less. 

d. 1000 A or more. 


3. The lighting requirement for show windows in a small retail store is VA per 


lineal foot. 


4. The NEC sets the general lighting load at VA per square foot for stores. 


5. One and two-family dwellings are not considered multiple occupancy by the Code. (true or false) 


6. In an apartment building, the electrical requirements of common areas, such as stairways, 


hallways, and outside lighting, are known as = loads. 


7. Multiple occupancy dwellings of one or two stories must have main disconnects in each apartment. 


(true or false) 


8. In three-story or greater multiple occupancies, equipment and main discon- 


nects for all apartments must be in a common, accessible area. 
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9. Describe a simple way to compute apartment loads. 


10. Once individual apartment requirements are completed, you can then determine the main 


conductor sizes needed for the entire building. 
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Chapter 15 
FARM WIRING 


Name Score 


Date 


Period _ — —Żć— Ž Instructor 


OBJECTIVE: You will be able to describe the planning and layout considerations that take place when 


installing electrical equipment on a farm. 


DIRECTIONS: Carefully read Chapter 15 of the text. Then complete the following questions and 


Т 


problems. 


А д should be thought of as a small industrial plant or business having several 


buildings, but involved in a single purpose. 


At a farm, the service drop ends not at the dwelling, but rather at a centrally located 


Almost all modern farms гедиіге а . . | | | to | | X А service entrance. 


On a farm, the yard pole serves as a power center and overall disconnecting means for the farm. 


(true or false) 


To insure proper grounding and safe wiring in farm buildings, which of the following should be 
used? 

a. Nonmetallic cable. 

b. Nonmetallic outlet boxes. 

c. Metal armored cable. 

d. Both a and b. 
e 


None of the above. 


н light fixtures are often used on farms because of excessive 


damp and dusty conditions. The bulb is encased in a glass dome, around which is a strong, pro- 


tective cage. 


In farm buildings, receptacles should be mounted no lower than inches ( m) 


above the floor. Higher is even better as it prevents them from being damaged by animals or tools. 


In barns and other farm buildings, lights direct the light downward where it 


is needed. 
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10. 


11. 


ig 


Ss 


19: 
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In а poultry house, . | . Switches to increase egg production may be a part of the 
lighting circuits. 
The farmhouse power requirements are figured the same as any residence. (true or false) 


The farm building that will probably have the greatest electrical demand is the dairy barn. (true 


or false) 


Power. — | |  ofelectric motors must be known to figure a motor's load demand on 


an electrical circuit. 


The | | | .  J represents the power that would be needed if everything 


were operated at one time. 


1  . гергеѕепїѕ the amount of power which would most 


probably be needed at any given time. 


Generally, the minimum demand load is considered to be about percent of the 


connected load. 
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Chapter 16 
MOBILE HOME WIRING 


Name Score 


Date  Д13ШБШРегоа Instructor 


OBJECTIVE: You will be able to describe the special wiring requirements to meet the needs of mobile 
homes and mobile home parks. 


DIRECTIONS: Carefully read Chapter 16 of the text. Then complete the following questions and 
problems. 


1. The is an assembly which includes bus bars, automatic over- 
current devices, and, sometimes, switches. This is enclosed in a cabinet or cutout box that is 


attached to the interior wall of the mobile home. 


2. The conductors with their fittings and equipment, which carry electrical current from the mobile 
home service equipment to the distribution panelboard are called the 


3. A single power cord with a molded plug meets Code requirements for a mobile home when the 


electrical load does not exceed. | . amperes. 


4. An electrician will rarely be called upon to install a mobile home distribution panelboard since 


it is almost always supplied by the manufacturer of the mobile home. (true or false) 


5. List three ways that an electrical feed can be supplied to a mobile home. 


6. A mobile home power supply cord is permitted if the load is amperes or less. 


7. The most common feeder assembly for a mobile home is: 
a. A power supply cord. 
b. An overhead installation. 
An underground service lateral using cable or conduit. 


None of the above. 
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8. Label the parts of the overhead feeder hookup for a mobile home. 
A. 


олт Ооо о 


GROUND 
= 4-CONDUCTORS LEVEL 
POWER FEED: 
2-UNGROUNDED 
1-GROUNDED NEUTRAL 
1-GROUNDING CONDUCTOR 


9. Label the parts of the underground feeder hookup for a mobile home. 


т отт о ос» 


10. Service equipment must Бе mounted оп the mobile home itself. (true or false) 


4 
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11. Label the parts of the mobile home's distribution panelboard shown below. 


rommoomdw» 


Фо In calculating panelboard load, what is the requirement for lighting and appliance circuits? 


13. If a mobile home park is to accommodate 45 mobile homes, what would the amperage be for 


the park's main service entrance? (Show your work in the space provided.) A 


14. Common mobile home park facilities and equipment, such as security lighting, must be considered 


in the overall service demand. (true or false) 
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15. Label the parts indicated on the typical mobile home hookup shown below. 


A. 
^ B. 
Cc 
o 
H B D. 
p E. 
o 
o F. 
o 
о ^ G. 
2 H. 
G o 


LN 


4 
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Мате 
Date 


Chapter 17 
LOW-VOLTAGE CIRCUITS 


Score 


Period _ . | |. Instructor 


OBJECTIVE: You will be able to define remote control wiring and describe how the components operate. 


You will also be able to connect remote control switching systems. 


DIRECTIONS: Carefully read Chapter 17 of the text. Then complete the following questions and 


problems. 
1. Low-voltage circuits are those which operate at voltages much less than М. 
2. Thejobofa |. | | | |. ^» —  . ,low-voltage circuit is simply to open or close 


a switch to start current flow in a higher voltage circuit. 


3. Name the two basic parts of a relay. 


4. Which of the following is a remote control (relay switching) and low-voltage circuit? 


a. 


b 
[er 
d 


5. А 


Intercom systems. 
Chimes. 
Lighting systems. 


Fire alarms. 


circuit is one which energizes devices specifically designed to give visual 


or audible signals. 


6. List six advantages of remote control. 


«д 7. А low-voltage switching system operates at volts of alternating current. 
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8. The heart of the remote control switching system is the step-down 


9. Which of the following is true about relays? 


a. The relay is usually installed in the fixture outlet box. 


. The power operating the relay comes from the 24 V side of the transformer. 


. The 120 V leads are inside the box. 


b 
c. Low-voltage leads are outside the box. 
d 
e. All of the above. 


10. The low-voltage switches used in a remote control system are single-pole, double-throw types. 


(true or false) 


11. ALC Sweittch houses a number of remote switches, so any or 


all switches can be activited or deactivated from one location. 
12. Low-voltage cable is very heavy and is very well insulated since the voltage is so low. (true or false) 


13. Identify the devices represented by the low-voltage symbols shown below. 


14. Low-voltage wiring is not governed by the same rules as 120 V wiring. (true or false) 


15. Before making low-voltage installations, check charts. & 
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Chapter 18 
ELECTRICAL REMODELING 


Name Score 


Dato c — — Peiod 2 Instructor 


OBJECTIVE: You will be able to update and extend existing wiring systems. 


DIRECTIONS: Carefully read Chapter 18 of the text. Then complete the following questions and 
problems. 


1. Remodeling or modernizing electrical installation is perhapsthe. Т (easiest, most 


difficult) kind of wiring to do. 


2. Special effort has to be taken to ensure the continuity and integrity ofthe — | con- 


ductor when extending or adding to an existing system. 


3. When remodeling wiring, why should you use fuses or circuit breakers rated for the amperage of 


the circuit? 


4. List four special tools that are needed when remodeling wiring. 


5. Conduit is often used when remodeling wiring, especially in finished walls. (true or false) 


6. When making wall openings for switch boxes and outlet boxes and holes for wire-pulling, the 


openings should be made as... Т (large, small) and as neat as possible. 


pi are a practical necessity for running cable in old work. 


8. When fastening cable inside a nonmetallic box, at least 1/4 inch of cable jacket should be pulled 


through the clamp. (true or false) 


9. When extending an outlet, what two factors should be considered? 
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If you are installing a ceiling fixture, why would going through the attic space be the most ob- 


vious route? 


Baseboard installations can be done without the use of a fish tape. (true or false) 


Before working on an outlet, a 


power is off. 


tester should be used to make sure that the 


Look at the illustration below. Identify four methods of routing wiring during remodeling. 


ADDING ON 


EXTENDING WIRES 


84 
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(2. Cem 
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Electrical Remodeling 
14. A box must be prepared and the cable attached to it 


15. It is best to replace old, outdated electrical equipment because overloaded circuits and exten- 
sion cords are hazards. 


(before, after) it is installed. 


16. When installing a sub-panel, it is usually mounted as near to the 
as possible. 


17. Identify the items indicated below. 


ә о с> 


SUB PANEL 
OLD CIRCUIT PANEL 


NEW PANEL 


18. A surface is a simple, inexpensive way to extend a circuit to get more 


receptacles. 
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19. What is the main benefit of a surface wiring system. 


20. When installing surface wiring, a typical installation begins with bringing the line side conduc- 


tors into the base of the surface assembly. (true or false) 


b 
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Chapter 19 
ELECTRICAL METERS 


Name Score 


Date |. |.  J .  J Period Instructor 


OBJECTIVE: You will be able to identify and use electrical meters. 


DIRECTIONS: Carefully read Chapter 19 of the text. Then complete the following questions and 
problems. 


1. The basic mechanism of electrical meters like the ammeter and voltmeter is the 


movement. 


2. List six types of meters that an electrician would use. 


3. Ап | |  . . ..is used to measure the current flow in an electric circuit. 


4. The. |. | іѕ ап electrical instrument used to measure the difference in potential or 


the voltage across two points along a circuit. 
5. The Т is used to measure circuit resistance. 


6. Identify and describe the instrument shown below. 


- aan cae, 


(Simpson Electric Co.) 
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By adding one or several into the meter circuit, a dc meter can be converted 


into one which will measure ac electricity. : 


A meter designed for measuring power in an electric circuit is called a 


The kilowatt hour meter below would be read as. | kW/hr. 


ax 
THOUSANDS HUNDREDS TENS ONES 


List six guidelines to follow when using and caring for meters. 


4 
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Сһаріег 20 
ELECTRICAL TROUBLESHOOTING 


Name Score 


Date _________ Репод . 2 Instructor 


OBJECTIVE: You will be able to trace common troubles in an electrical system through troubleshooting. 


DIRECTIONS: Carefully read Chapter 20 of the text. Then complete the following questions and 
problems. 


1. _ . must be uppermost in the troubleshooter's mind. 


2. Name and describe four instruments that can be used in troubleshooting. 


3. If no voltage is present at the receptacle slots, but a positive test lead reading is obtained, the 


chances are very good that the is open. 


4. Explain how to check the ground continuity on an older type receptacle that does not have a 


ground slot. 


5. To testa switch, remove the cover plate and determine if there is power to the switch by touching 


one lead of the neon tester to the metal box and the other lead to the line side terminal. If the 


tester lights, the circuit. |. 111 (is, is not) working. 


6. The substitution of a single three-wire cable for two two-wire cables constitutes a multiwire branch 


circuit. (true or false) 
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The most common problem occurring with split or multiwired circuits is the improper connection 


of the circuit conductors at the 
If a fuse ‘‘blows,’’ it should be replaced with one having a higher rating. (true or false) 


List two ways in which you can identify a blown cartridge fuse. 


If a breaker ''trips'': 
a. Find the cause before resetting the breaker. 


Reset the breaker and ignore the cause of the ''trip.' 


Never reset the breaker again. 


eo to 


None of the above. 
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Chapter 21 
SPECIALIZED WIRING 


Name Score 


Dato - Реюоа. . Instructor 


OBJECTIVE: You will be able to describe and perform specialized electrical wiring installations. 


DIRECTIONS: Carefully read Chapter 21 of the text. Then complete the following questions and 
problems. 


1. _ — circuits supply electrical energy to doorbells, buzzers, signal lights, and other 


warning devices. 


2. Conductors serving buzzers, bells, or chimes must never be run with regular or full-power cir- 


cuits that operate on 120 or 240 V. (true or false) 


3. Doorbell, chime, or buzzer transformers operate at: 
a. 6 to 20 volts. 
b. 40 to 80 volts. 
c. 120 volts. 
d. 240 volts. 


4. List and describe the three classes of hazardous locations as determined by the NEC. 


5. List and describe the two divisions of hazardous locations. 


J 
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A factory that handles or transfers flammable or explosive gases would be a: 


a. Class 1, Division 1 hazardous location. 


Class II, Division 1 hazardous location. 


Class ІІ, Division 2 hazardous location. 


о о с 


Class Ill, Division 2 hazardous location. 


Which of the following hazardous locations should be wired by methods which are sealed to 
keep out dust, lint, and fibers? 

a. Class І, Division 2 hazardous locations. 

b. Class ІІ, Division 1 hazardous locations. 

c. Class ІІ, Division 2 hazardous locations. 
d 


Class ІІІ, Division 2 hazardous locations. 


Facilities such as service stations and aircraft hangers often fall under more than one class and 


division of the hazardous locations classifying scheme. (true or false) 


In most cases, a garage or outbuilding should have circuits which are separate from the main 


structure. (true or false) 


Name two alternate types of wiring systems that take over when the regular electrical power Га 
source is not functioning as identified by the NEC. 


Emergency systems are intended to automatically supply enough power to assure the safety 


of a building's occupants during a 


Emergency systems are required mostly in places such as: 


a. Single-family residences. 

b. Buildings or building services whose failure to operate could produce a serious threat to life. 

c. Barns. 

d. Garages or other outbuildings. 

Emergency systems must be and 

The transfer switch for emergency systems should be located (ahead of, behind) 
the main service disconnect. t 
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17 


182 


19: 


20. 


22. 


23. 


24. 


2/9: 


Specialized Wiring 


The NEC requires that wiring from an emergency source and overcurrent protection to emergen- 
су loads be kept: 


a. Completely separate from all other wiring and equipment. 
b. Connected to all other wiring and equipment. 

c. Connected to some other wiring and equipment. 

d. None of the above. 


Standby systems serve loads necessary to the normal operation of vital building systems. (true 
or false) 


Standby power is legally required in residences and private businesses. (true or false) 


Emergency power equipment is almost always tied to a gasoline or diesel engine powered 


Telephone equipment is manufactured and sold by many different commercial firms. (true and false) 
Only telephone company employees can install telephone equipment. (true or false) 


List two types of telephone systems. 


There is little danger of electrical shock from the telephone voltage. (true or false) 


List the three kinds of indoor telephone wiring. 

When attaching cable pairs, leave some in the wires so the wires will not pull 
loose from the block. 

Most terminal blocks allow you to run cable pairs for as many as phones. 


Because of the lower voltages found in telephone systems, are not required 


at junctions. 
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27. Why is the fish tape useful in telephone installation? 


Ек кат кке еккен fH ue E LL 


28. The. | | | |. 15 е jack or terminal where the telephone company 


installation terminates. 


29. Nomorethan. — phones can be installed without overloading the incoming phone 
circuit. 
30. In new construction, the telephone wiring should be installed (before, after) 


the application of drywall or paneling. 


31. Care should be taken to keep telephone wiring — | |  . (close to, away from) electrical 


wires and electrical devices. 


32. Installing telephone systems in old work is the easiest type of telephone installation. (true or false) 


33. Telephone wires can be made less noticeable by placing them: « 
а. In areas where moldings or grooves іп paneling partially or wholly conceal them. 
b. Inside cabinets. 
c. Under carpet. 
d. Both a and b. 


34. List the colors of the four wires of telephone cable and describe their common purposes. 


35. If you suspect an electrical short in a phone system, use an to find the problem. t 
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Chapter 22 
MOTORS AND MOTOR CIRCUITS 


Name Score 


Date |. | | X  Á Period Instructor 


OBJECTIVE: You will be able to describe the wiring requirements for electric motors. You will also be 
able to order the right replacement when an old motor is no longer available. 


DIRECTIONS: Carefully read Chapter 22 of the text. Then complete the following questions and 
problems. 


1. Motors with a higher voltage than 600 V, such as those found in larger commercial and industrial 
operations, should be handled only by maintenance electricians having considerable experience 


with these motors. (true or false) 


2. The motor |. |.  J gives motor characteristics. 


ә 3. List the information that is required to appear оп the nameplates of all motors. 
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The higher the locked-rotor kilovolt-ampere (kVa) is, the. ~~~ (higher, lower) the 


starting current surge will be. 


For standardization, NEMA has assigned the. Size to be used for each integral 


horsepower motor so that shaft heights and dimensions will be the same to allow motors to 


be interchanged. 


If applied voltage varies too much from the nameplate specifications, it will produce noticeable 


changes in the motor 


The greatest allowable voltage drop on a motor circuit is basically related to the 


and. оға motor. 


List four common motor circuits. 


For a single motor circuit, the NEC requires that the feeder capacity be. Т per- 


cent of the full-load current rating of the motor. 


The maximum fuse or breaker size permitted for short-circuit or ground fault protection is 


percent of the full-load current rating. 


List four requirements that a single motor branch circuit must provide. 


When each motor is 1 hp or 6 A or less, the circuit will requirea — ^ .  Aorsmaller fuse 


or breaker. 


In a motor branch circuit, each motor needs motor running overcurrent protection, and this pro- 
tection must not exceed the amperage stamped on the ‘‘approved for group installation'' over- 


current device of the (smallest, largest) motor on the branch circuit. 


The NEC defines a motor as a switch or other device normally used for start- 


ing and stopping a motor. 


On small, single-phase motors, the overcurrent device may serve as the controller for motors 


of hp or less. 
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16. A general-use type switch may serve as the controller for motors upito pee p 


17. A cord and plug may serve as the controller for motors having less than. 1| hp. 


18. All electric motors are designed for: 
a. Continuous duty only. 
b. Limited duty only. 
c. Either continuous duty or limited duty. 
d. None of the above. 


19. Define rated-load current. 


20. The disconnecting means rating for a hermetic motor shall be 115 percent of the nameplate rated- 


load circuit or the branch-circuit selection current, whicheveris Т (ес5,агеагег). 


21. List five sizing considerations that must be determined in order to properly install a circuit for 
combination loads. 


22. The maximum (hot spot) continuous temperature of 130 °C (266 °F) for small induction motors 
would be a: 
a. Class A system. 
b. Class B system. 
c. Class F system. 
d 


Class H system. 
23. Normal maximum ambient temperatureis — 1 1 ?C( |. . . .?F)for most motor ratings. 


24. Preventive maintenance and proper motor loading are the best insurance against motor 


25. List four causes of motor failure. 
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List four factors that can cause a motor to overheat. 


may fail (seize) in unused motors that are not rotated for extended periods. 


Secure mounting and correct 


performance. 


with the load are essential for proper motor 


List three ways motors may be connected to a load. 


If a loss of power occurs, a time-delay relay in the magnetic starter control will provide for ran- 


dom restarting to prevent the excessive voltage drop in the wiring that would occur if all the 


motors came on at one time. (true or false) 


98 
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Chapter 23 
SWIMMING POOLS 


Name Score 


Dat"  Роеооб | .  .. Ž Ž Instructor 


OBJECTIVE: You will be able to describe wiring considerations related to swimming pools. 


DIRECTIONS: Carefully read Chapter 23 of the text. Then complete the following questions and 
problems. 


1. Name four swimming pool components that must be bonded using a No. 4 AWG solid copper 


conductor. 


2. On the illustration of the typical swimming pool below, identify those components that need 


to be bonded. 


г ОЕЕО 
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In addition to bonding, all electrical equipment related to the pool and within 5 ft. of the poo! 


walls must be properly 


With the exception of a locking type receptacle for a cord connected swimming pool pump, cou 


does not permit any receptacles to be located within ——— | ^ — . ft. of the pool walls. 


Any and all switches or switching devices of any type must be set back at least 


ft. from the pool edge. 


List the three categories of pool lighting. 


List six requirements underwater lighting fixtures must meet in addition to grounding, bonding, 


and sealing. 


--:Б::Б-БББББ>ББББ5БЬБЬ5БЬББББББ5БЬБ5БЬБЬБЬБЬБЬБББЬЬЬЕ6 


Name the two types of fixtures installed below the waterline in pools. 


Overhead utility conductors must not be within ft. of the horizontal perimeter 


of the pool. 


True or false? The number one priority concerning all electrical items to be wired within or 


around a swimming pool is to assure proper grounding and bonding. 
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Сһаріег 24 
ELECTRICAL CAREERS 


Name Score 


Date 


Period _ Instructor 


OBJECTIVE: You will be able to identify and describe various careers in the field of electrical wiring. 


DIRECTIONS: Carefully read Chapter 24 of the text. Then complete the following questions and 


1E 


problems. 


List five types of electrical careers. 


Line ап | | . . . construct and maintain the network of power lines 


that carries electricity from generating plants to consumers. 


are experienced line installers and repairers who are assigned to special crews 


that handle emergency calls. 


When cables are installed, the. 7 A ^ pullthe cable through the 


conduit and then join the cables at connecting points in the transmission and distribution systems. 


Which of the following do maintenance electricians keep in good working order? 
a. Lighting systems. 
b. Transformers. 

c. Generators. 

d. All of the above. 


An usually lasts four years and consists of on-the-job training and related 
classroom instruction in subjects such as mathematics, electrical and electronic theory, and 


blueprint reading. 


Many people learn the electrical trade informally on-the-job by serving as to 


skilled maintenance electricians. 
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All electricians must be familiar with the 
and local building codes. 
Heat, light, power, air conditioning, and refrigeration components all operate through electrical е 


systems that are assembled, installed, and wired by 1 electricians. 


List seven high school or vocational school courses that someone considering a career in electronics 
should take. 


& 
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Chapter 25 
MATH REVIEW 


E x 


Name Score 


Date д  J Period Instructor 


OBJECTIVE: You will be able to perform math operations used by the electrician. 


DIRECTIONS: Carefully read Chapter 25 of the text. Then complete the following questions and 
problems. 


1. Explain why math must be considered as an important electrical tool. 


2. Change 5/16 to a decimal. (Show your work in the space provided.) 


3. Change 0.1875 to a fraction. (Show your work in the space provided). 


4. What percentage of 89 is 12? (Show your work in the space provided.) 
96 
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5. What percentage is the fraction 3/4? (Show your work in the space provided.) 
3 % 


6. What is the Ohm’s law formula? 


7. When using Ohm’s law, if you wish to find | when E and R are known, how is the formula rewritten? 


8. How is trigonometry used in electrical work? 


9. What is the formula used to obtain the area of a circle? 


10. The area of a rectangle is: 

a. Any side times itself. 

b. Equal to its base times its height. 
c. Found by adding its four sides. 
d 


Four times any side. 


€ 
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